l Introduction
Anemia at the end of gestation is a common occurrence among women in the Western world, the percentages reported in the literature varying from 20 to 60 per cent. More than 90% of anemias result from iron deficiency [7, 16] . SCHIFMAN [25] reported that the incidence of iron depletion steadily increases from 22 to 46 per cent between the first and third trimesters of pregnancy. HEINRICH [13] stated that nearly 100 per cent of the pregnant women examined had depleted iron stores, i.e. prelatent or latent iron deficiencies. The pertinent reports in the literature differ greatly. Anemias are usually classified according to their hemoglobin levels [6] : mild anemia with Hb values between 11 and 11.9 g/dl, moderate anemia with Hb values between 9 and 10.9 g/dl and severe anemia with a Hb value of less than 9 g/dl. On closer examination this structured division is not without problems. The definition of a normal range may be useful for judging a total population, its value for the individual must be questioned, especially as it fails to account for possible pathogenetic causes. Among pregnant women as a whole, anemia results from iron deficiency in more than 90% of cases. This cannot be transferred to the individual woman without qualification.
It has to be emphasized that the hemoglobin value, if taken as the only parameter, does not provide sufficient information, especially as iron deficiencies by no means regularly coincide with low hemoglobin values [26, 17] . There is a broad consensus in the literature on serum ferritin being a reliable index of iron deficiency [17, 15] , and one that is easy to determine in the daily routine. of the iron reserves that are mainly stored as ferrritin in the liver and in the reticulohistiocytary system. 1 g/l of ferritin represents 8 g of stored iron [19] . As opposed to this the still widely favored serum iron determination does not provide sufficient information on the actual iron stores in the body, as it depends on absorption in and release from the stores [4, 18] . The risks attributed to anemia or severe iron deficiency in pregnant women are a higher disposition to infections, as well as a greater proneness to pyelonephritis [9, 3] , pre-eclampsia [2, 11] and puerperal fever [8] . A higher incidence of preterm labor in pregnant women with low serum ferritin levels has been reported on only recently [28, 10] . Potential complications for the fetus are abortion and preterm delivery [9, 11, 16] . In this context attention is drawn to correlations between low hematocrit levels and increased risk of preterm birth [20] .
One aim of the present paper is to show in a prospective study that the estimation of hemoglobin (Hb) and of mean corpuscular hemoglobin (MCH), the commonly determined laboratory parameters, is inadequate to diagnose pregnancy related anemia. For this reason serum ferritin was additionally estimated in the respective pregnant women. By retrospectively evaluating the course of gestation, we were able to assess the clinical value that can actually be attributed to the estimated parameters of Hb, MCH and serum ferritin. Our main focus of interest was to re-evaluate the correlation between preterm labor and serum ferritin levels previously reported from a smaller sample of women [10] .
Materials and methods
A total of 300 women in their final stages of pregnancy (72 between the 28 and 35th week, 31 in the 36th week and 197 between the 37 and 41th week of gestation) was randomly selected from the general population of pregnant women under observation at the Department of Gynecology and Obstetrics, Hamburg University Hospital, a clinic with an above average share of high-risk pregnancies. Women with multiple pregnancy and ascertained fetal malformations were excluded from the study. Of the 300 women, 103 (34.3 per cent) went into preterm labor before the 37th week of gestation, and only those with regular labor substantiated by menas of cardiotocogram were included in this group. Seventy-two patients of these (24 per cent of the total) received oral or parenteral tocolytic treatment. As there was no danger of respiratory distress syndrome for the other 31 fetuses, the mothers did not require any tocolytic treatment.
Fifteen women suffered from gestosis with a gestosis index [5] ranging between 4 and 9. Eight patients suffered from placental insufficiency diagnosed by low levels of placenta lactogen and estriol as well as by fetal ultrasonic biometry. Nine women had a combination of both. Fourteen women were suffering from an infection of the urinary tract requiring treatment with a germ count of more than 10 5 /ml urine.
The hematological profiles of the 300 women were determined by the parameters Hb and MCH and examined for their relevance in diagnosing iron deficiency by comparing them with the simultaneously determined serum ferritin values. The ascertained laboratory parameters were then evaluated in retrospect focussing on the clinical parameters such as the course of pregnancy, incidence of preterm labor, preeclampsia, infections of the urinary tract, and placental insufficiency.
The parameters of the hematological profile were determined in our routine laboratory immediately after venipuncture. The estimation of serum ferritin values was carried out with blood collected in EDTA tubes and analyzed using the Enzym test (BOEHRINGER, Mannheim). The estimation and determination of the marginal values of the parameters was based on the results of our own investigations [24] which correspond to the respective values found in the literature [12] . Our classification of the different degrees is specified above. It corresponds to that of G LTNER [9] and the WHO Technical Report [30] . In estimating the mean corpuscular hemoglobin (MCH), values below 26.5 pg were regarded as pathological, and values between 26.5 and 28 pg as threshold values.
The normal range of serum ferritin was assumed to be between 20 and 120 μg/l in accordance with our own investigations of a large sample. These values are in agreement with those ascertained in a survey of literature [12] . In our evaluation we differentiated ranges between 10 and 19.9 μg/l and below 10 μg/l.
Values are expressed as mean + SD. The significance of the difference between means was calculated by the students t-test. The significance of the correlation between variables was determined by multiple regression.
Results
Of the 300 women examined, -46 ( 15 Figure 1 shows the women with and without preterm labor in relation to different serum ferritin levels. Table III demonstrates the respective share of women with and without preterm labor in relation to the values of the parameters examined. The values found in the 46 women with preeclampsia, placental insufficiency or a combination of both, and with infections of the urinary tract are listed in table IV. 
Discussion
A great number of investigators regard the prophylactic administration of iron preparations during pregnancy to be justified in the face of common incidence of iron deficiency. In an ever increasing share of the women concerned, this precaution is counteracted by a general dislike to take medica-52.3% tion, especially if the necessity to take them is not established in each individual case. NAEYE [23] found in a large prospective study that the incidence of placental infarctions correlates well with high Hb values in the mother. MURPHY [22] found in a study of more than 50 000 pregnant women that a rising Hb value is associated with higher incidence of high blood pressure. Such findings raise the question of whether a routine administration of iron, as frequently recommended without actually proving iron deficiency is at all beneficial to the individual patient. The exact diagnosis of iron deficiency has been possible for several years now by means of serum ferritin estimation which correlates in a significant way with iron stores. There is still a certain discord on the lower margin of normal values. On the one hand, this results from different estimation procedures and varying animal antibodies and on the other hand from the lack of a definition of standard ferritin [29] on an international scale. Proceeding from the assumption that 1 μg/l ferritin represents about 8 mg stored iron and that iron stores of 200 mg constitute prelatent iron deficiency [14] , iron stores must be considered depleted with serum ferritin values below 20 μg/l [12] . has not yet been advanced. BROTANEK'S [1] hypothesis is that apart from insufficient oxygen supply to the fetus, a hypoperfusion of the placenta and, as a consequence, ischemic decidual necrosis may lead to the release of prostaglandines and thus induce labor contractions might well be one of the constituents in the multifactorial process of labor induction. This hypothesis is to a certain extent contradicted by the fact that women with low serum ferritin levels and occurrence of preterm labour contractions may well have normal Hb and MCH values and also a normal oxygen carrying capacity. One may assume another mechanism being effective, e.g. a deficiency in other iron containing enzymes. Further investigations will have to determine whether iron stores can, in individual cases, be refilled during pregnancy in women with low serum ferritin levels which indicate proneness to preterm labor, and thus hopefully confirm the tocolytic effect of such treatment.
The percentage of patients with preeclampsia, placental insufficiency and infections of the urinary tract as given in table IV was too small to discover a similar correlation with iron deficiency as explained above.
In conclusion we can state that the estimation of serum ferritin is suitable for giving an exact record of iron deficiency since the parameter is independent of the physiological changes typical of gravidity, such as, for example, an increase in plasma volume. Sharing the view of other authors the present study shows that the estimation of hemoglobin -even when supplemented by other parameters of the hematological profile -is insufficient to reliably diagnose anemia. Moreover, the study shows that women with low serum ferritin values significantly more often go into preterm labor than women with normal serum ferritin values. A convincing explanation for this correlation
has not yet been brought forth and further clinical research is necessary.
Abstract
The results of this study suggest that the additional determination of serum ferritin in pregnancy is necessary for a more reliable classification of iron deficiency. In 300 pregnant women the hematological values (Hb, MCH and serum ferritin) were determined toward the end of gestation. In 36 per cent of the women both Hb values > 11 g/dl and MCH values < 28 pg fail to give evidence of an existing iron deficiency, indicated by serum ferritin values below 20 §/1. The determination of serum ferritin is of particular relevance as a significant correlation was ascertained between low serum ferritin levels and the incidence of preterm labor: 52.3% of the women with serum ferritin levels below 10 §/1 and only 9.5% of the women with serum ferritin levels above 20 §/1 went into preterm labor. A convincing explanation for this has not yet been found. En fin de grossesse, un bon nombre de femmes sont anemiques, les estimations dans la litterature vont de 20 ä 60%. Ces anemies sont secondaires ä un manque de fer dans plus de 90% des cas. II est clair que le seul dosage de l'hemoglobine est insuffisant, car il peut exister un deficit ferrique malgre une hemoglobinemie normale. Le dosage de la ferritine serique est particulierement approprie pour faire le diagnostic de deficit en fer. Le dosage de ferritine est relativement aise et il existe un consensus au sein de la litterature sur le fait qu'il s'agit d'un index fiable des reserves en fer de Torganisme. En outre, les auteurs attirent Fattention sur les dangers potentiels secondaires ä anemic, et, tout particulierement, sur Felevation de l'incidence des fausses-couches et de accouchement premature. Nous avons dejä trouve une correlation significative entre ferritinemie basse et la survenue d'accouchement premature dans une etude portant sur un echantillon de femmes plus petit. Cette etude a pour objectif de faire le bilan de cette correlation sur un groupe de femmes enceintes plus important. Dans cette optique, nous avons selectionne par randomisation 300 femmes en fin de grossesse et nous avons dose la ferritine ainsi que FHb et le MCH. 22% des femmes ont une ferritinemie < 20 g/l bien que leur hemoglobine soit > 12 g/dl. 65% des femmes de I'echantillon total presentent un deficit en fer indique par une ferritinemie < 20 g/l. L'etude des effets cliniques des parametres mesures montre que 53% des femmes avec une ferritinemie < 10 g/l entrent en travail prematurement, alors que ce n'est le cas que chez 9,5% de celles qui ont une ferritinemie > 20 g/l. A 1'heure actuelle, il n'existe pas d'explication physiopathologique a cette correlation. Le nombre de femmes de cet echantillon qui ont presente une gestose et une insuffisance placentaire est trop faible pour qu'on puisse trouver des correlations.
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